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The objective of this project Is to tranafect two chimeric ImDunoglobulln 
genes Into a lymphoid tissue culture cell line capable of transcribing and 
translating these genes Into proteins* The chimeric Immunoglobulin genes will 
be constructed using standard recombinant DMA techniques and will consist of 
(1) a V-D-J gene segment coding for a dansyl hapten binding 7-reglon and a 
Igh-b allotype constant region; and (2) a mouse V-D-J gene segment coding for 
a human cell surface antigen (e«g.y Leu-2} and a human Immunoglobulin constant 
region* 



THE METHOD TO DELIVER DMA INTO THE CELL, There are currently five techniques 
being used to transfect DMA Into eukaryotlc cells* All five will be examined 
as possible means to Introduce active Immunoglobulin genes Into lymphoid 
cells. The techniques Include: (1) Ca-P04 precipitation; (2) PEG 6000 fusion 
of lambda phage particles; (3) vesicle fusion; (4) protoplast fusion; and (5) 
microinjection* 

. THE APPROPRIATE DELIVERI VECTOR* Ve have available to us suitable first 
~ generation SV40-pBR322 vectors to contain the recombinant Immunoglobulin genes 
;to be used In transfectlon experiments* Further development of these vectors 
I also will be undertaken* 

^ THE APPROPRIATE CELL HOST* Since the chimeric SV40-pBR322 vectors we are 
'planning to use contain either the thymidine kinase or guanine pbosphorlbosyl 
transferase genes as selectable eukaryotlc markers, we Intend to develop 
lymphoid cell lines that lack these enzymes to use as transfectant recipients* 
These cell lines must have the potential to express immunoglobulin genes, but 
^lack the ability to produce endogenous immunoglobulin products* 



iRECOHBINANT DNA* Standard recombinant DNA techniques will be used to isolate 
:a DNS V-D-J gene segment from the genome of an existing bybridoma cell line 
iproducing anti-DNS antibodies* Igh-b constant region genes, as well as human 
constant region sequences will be isolated similarly^* Chimeric recombinant 
V--D*J-Constant region sequences will be constructed from these newly isolated 
gene segments* 



SELECTION OP TRAHSFECTED CELL LINES EXPRESSING NOVEL IMMONOGLOBOLIH GENES. 
Should all of the above be accomplished, successfully transfected cell lines 
will be selected by enzyme markers (TK and GPT) and with the 
fluorescence-activated cell 'sorter using techniques and antibody reagents 
already developed* 
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Gene transfection has become an increasingly popular method of 
studying gene expression. We have recently developed methods of 
t'r^ansfecting immunoglobulin genes into myeloma cell lines; these genes 
a|e efficiently expressed. The current experiments will define the 
regions of the mouse heavy and light chain genes which are required for 
efficient transfection and those required for high level immunoglobulin 
expression. Once these sequences are defined we will determine the 
influence of their position in the molecule on their function. We also 
w£ll construct- novel molecules and study their expression and function. 
In particular we will determine if hybrid molecules with the variable 
rfsion from a mouse immunoglobulin (Ig) fused to, the constant region of a 
hpan Ig molecule can be effectively produced and-function. Secondly, we 
vfhU examine the expression and function of molecules made from gene 
^'i^grnent. We will see if light chaip dimers, one light chain of which 
ha-5 a heavy chain variable region can bind antigen. Such hybrid 
ml^lecules have potential therapeutic value in treating human diseases 
such as cancer. 
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2. Aim and Method of Study : 
A. Specific Aims : 

The aim of these studies is to produce novel immunoglobulin (Ig) 
molecules by using DNA mediated transformation of myeloma cells. The 
project will proceed in several steps. 

a. Initially we will develop an optimum transfection system and 
define the regions of the mouse kappa light chain gene which are 
important for increased transformation frequencies. We will also 
investigate if other Ig genes contain sequences of similar function and 
attempt to define the mechanism leading to the increased transformation 
frequency. 

b. Secondly, we will define the regions of both heavy and light 
chain genes which are required for efficient expression. Such a 
definition is required to permit the rational assembly of novel molecules 
which will be produced at high levels. 

c. Thirdly, we will produce hybrid human-mouse Ig genes, test for 
their efficient synthesis in transfected cell lines, and assay the 
biologic activity of the novel molecules. We will also attempt to 
produce variant proteins of altered structure and function. 



B. Methods 

1 . Immunoglobulin Genes To Se Used 

In the initial studies we will use the heavy and light chain genes 
from the S107 myeloma. • Genomic clones of both of these expressed genes 
have been, obtained from Dr. Matthew Scharff and are available in the 
laboratory. Initial expression studies (see above) have focused on the 
S107A kappa chain gene. We will now also construct a vector containing 
the S107 heavy chain gene so that we can study its expression. To date 
three human heavy chain genes have been acquired. A VDJ segment and the 
Yi gene have been acquired from Dr. Honjo and a kappa chain gene from 
P. Leder. We will initially study the expression and function of mouse 
VL-human Ck: and mouse VH-human Cyi constructs. 

2. Recipient Lymphoid Cell Lines 

Our principal recipient cell line will be the mouse myeloma J558L. 
This produces a x light chain, no heavy chains and transfects very well. 
Because x and k are so different structurally we anticipate little 
competition between these molecules in assembly with heavy chain. 
However, if the x chai-n presents a problem we will isolate a 
non-producing variant of J558 using methodology which is routine in the 
1 aboratory. 
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3. Sequences Necessary for Efficient Transformation , 

The S107A light chain gene is contained on a 7 Kb Bam HI fragment as 
diagrammed 1n Figure 2. The deletions and partial molecules shown in 
Figure 2 have already been constructed and are being assayed for their 
transfection efficiency. Using the sites shown in the figure and others 
which we identify we will further assay the gene for transfection 
enhancement. The general protocol will be to subdivide the gene into 
fractions and assay each for its influence on transformation frequency. 
In particular we will put the Bam-Bgl or Bgl-Bgl pieces from the 7Kb L 
chain fragment into the Bam site of pSV2gpt and assay for transfection 
frequency. Other small fragments will be excised, blunt ended and Eco Rl 
or Bam HI linkers put on. Bam HI linkers have already been put on all 
the Hae III pieces from the L chain gene. Each fragment will be assayed 
for its enhancement of transformation; combinations of fragments will 
also be assayed to determine either synergistic or antagonistic 
interactions. Positive fragments will be subdivided into smaller pieces 
either by cutting with additional restriction enzymes or by cutting with 
progressive exonucleases such as Bal 31. The general objective will be 
to localize to as small a region as possible active sequences. The 
nucleic acid sequence of such regions will be determined and homologies 
between active regions sought. 

Several possible mechanisms can be proposed to explain the increased 
transfection frequency: 1) replication of the plasmid as an episome; 
2) increased expression of the selectible gene, in these experiments 
XGPT, or 3) increased integration into chromosomal DNA. We will try to 
distinguish among these possibilities. 

Replication as an episome could be either transient during the early 
stages of the transfection or persistent. .Transient replication 
increases. the copy number -of the plasmid wit+iin the cell and hence the 
probability of productive integration. To test for transient expression 
as an episome, 72 hours after transfection the Hirt supernatant (23) will 
be prepared from the transfected cell lines and the small molecular 
weight DNA examined by Southern (24, 25) blot after cleavage with the 
restriction endonuclease Mbo 1, and if available, Dpn I. Both Dpn I and 
Mbo 1 recognize the sequence GATC. If unmethylated this sequence is cut 
by Mbo I but not Dpn I; the sequence G^^ATC is cut by Dpn I but not Mbo 
I. Since the dam methyl ase of E_. col i introduces methyl groups on the 
N^ position of adenine in the sequence GATC, while no eucaryotic 
enzymes do, it is possible to distinguish between DNA replicated in 
bacteria and that replicated in mammalian cells by the methylation 
pattern. To test for persistance as an episome, the Hirt supernatant 
will be isolated from stable transf ormants. Southern blot analysis will 
be done both on uncut DNA to test for the occurrence of DNA in the 
supercoil form and cut with restriction enzymes to assay for restriction 
fragments of the appropriate size. In addition, material from the Hirt 
supernatant will be used to transform bacteria. If replicating plasmids 
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are present they should be effective in transforming bacteria. If 
transformed bacteria are obtained, plasmid DNA will be isolated from them 
and the nature of the plasmid DNA determined following digestion with 
restriction endonucleases. In previous studies using these types of 
vectors, episomal replication has only been detected in Cos cells where T 
antigen is supplied in trans (26)-, 

Analysis of stable transformants has already shown that the amount of 
gpt produced in those transfected with a pSV2gpt-S10721 is not 
consistently different from that produced in cells transformed using 
pSV2-gpt. However that does not exclude the possibility that increased 
transient expression of XGPT may lead to increased transformation. To 
test that possibility cytoplasmic extracts prepared from cells 48-72 
hours after transfection will be assayed for their XGPT activity (9 and 
appended reprint). In the vector which we have routinely used for 
transfection, the SV40 early promoter has been used to drive the 
bacterial XGPT gene. It is also possible to use the promoter from the 
Herpes thymidine kinase gene (appended manuscript) to drive the XGPT 
gene. We will assess if sequences effective in enhancing transfection by 
vectors using the SV40 promoter are effective with the TK promoter and if 
these sequences lead to increased transient expression of sequences off 
the TK promoter. 

It is also possible that increased transformation results from an 
increased frequency of vector integration into chromosomal DNA. It is 
difficult to directly test this hypothesis. However we will do Southern 
blot analysis following cleavage with restriction endonucleases with 6 
base recognition sequences of DNA isolated from transformants obtained 
using vectors either with or lacking the enhancing sequences. This 
analysis will give us an estimate of the number of sites of integration 
per transformant . If the same size restriction fragments are found in 
independent transformants- it will suggest a common site of integration. 
To confirm this it would be necessary to clone-the integrated genes and 
directly analyze- the flanking sequences. Methods to produce genomic 
libraries using lambda phages are, available in the laboratory. 

4. Identif icaion of Genetic Sequences Necessary for High Level 
Immunoglobulin ExpressiorT 

Preliminary experiments have demonstrated that it is possible to 
introduce a rearranged mouse kappa light chain gene back into a mouse 
myeloma cell by DNA mediated transformation; the reintroduced light chain 
can be expressed within the myeloma cell to levels approaching that of 
the endogeneous myeloma light chain. Deletion analysis has also 
suggested that sequences within the IVS are required for efficient Ig 
expression. By cutting with Hind III we can now mix and match the 5* and 
3* deletions. We will do these experiments to precisely define the 
extent of the region necessary for expression. Once we have 
appropriately located the sequences, we will make additional Bal 31 
deletions to try and locate the sequences to within one or several 
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The experiments detailed about all relate to expression of the kappa 
chain gene. A similar series of experiments^ill be done to identify 
IVS, 5' and 3' sequences necessary for expression of the S107 H chain 
gene. For H chains we will also determine if the synthesis of a light 
chain, either specific or non-specific, is required for or facilitates 
expression. 

To assay for the synthesis of the transfected gene product cells will 
be labeled with ^^C-valine, threonine, and leucine, cytoplasmic 
extracts made (27) and the Ig immunoprecipitated. Specific 
immunoprecipitable chains will be identified using SDS gels. We have 
found that the S107 kappa chain can easily be separated from the J558 
lambda chain using SDS-PO4- gels (unpublished results). In selected 
experiments 2-D gels also will be used to identify the products of 
transfected genes (7). 

The amount of the transfected product synthesized will be quantitated 
in two ways. Firstly, the ratio of the amount of synthesis of the 
endogeneous immunogj-^bulin light chain to the transfected light chain 
will be determined by scanning the autoradiograms of SDS gels of 
immunoprecipitates from transfected cells. If labeling is done for a 
short period of time so that neither chain is secreted or significantly 
degraded this method gives a good estimate of the relative rates of 

S~i synthesis. To quant itate the synthesis as a percentage of the total 
protein synthesis, cells will be labeled for short periods of time (3-5 

i;. minutes) with ^^C-amino acids, the total amount of TCA precipitable 

'"'^material synthesized determined, and the amount of TCA precipitable 

material which is immunoprecipitated determined. Pulse chase experiments 

I'will be used to determine the rate of degradation of the immunoglobulin. 
Long term (3-24 hours) labeling with l^C-valine, threonine, and 
leucine, immunoprecipitation and SDS gel analysis of the secreted product 

7:7 (with and without reduction) will determine what product is secreted and 

^: whether it i-s assembled. 

H Northern blot analysis and hybridization with Ig specific 
2 32p_iabeled probes will be used to determine the approximate size and 
^Ir heterogeneity of any Ig specific transcripts in the cell lines. 
Formaldehyde gels and the blotting procedure of Thomas (28) is used 
routinely. In the cases where the recipient cell line synthesizes an 
immunoglobulin with the same constant region as the transfected gene, 
variable region probes will be used. 

The 5* and 3' end of the cytoplasmic transcripts and points of 
splicing of the IVS will be mapped using the SI nuclease resistance 
method of Berk and Sharp (29). In the case of the S107A gene the plasmid 
will be labeled at the Hpa I site in the constant region using T4 
polymerase and the 1.5 Kb Hpa I to BAM HI fragment used to identify the 
3* end of the transcript. Label of the Hpa I site with kinase will be 
used to position the 3' end of the IVS and label of the Kpn site within V 
with T4 polymerase will be used to locate the 5' side of the IVS. 



-20- 



• 



Because there is an IVS between the leader sequence and Vl and no known 
unique restriction site in the leader sequence, templates synthesized in 
M13 will be used to map the 5* end of the transcripts. Hind III linkers 
have already been attached to the Hae III fragment which contains the 
region 5* to the light chain gene and the 5' end of the variable region 
and should contain the light chain promoter region. This fragment will 
be cloned into M13, and used to synthesize message complementary probe 
for SI mapping experiments* If some transcripts originate 5' of this 
fragment, a larger fragment will be cloned into M13. SI analysis will be 
done on RNA isolated from both the transient expression experiment and 
from stable transformants. We have already used SI analysis to 
demonstrate that the 3' ends of the mRNA from transient expression and 
stable transformants with many of the vectors are identical. 

The Northern blot and SI analysis will yield information about the 
structure of steady-state cytoplasmic mRNA. To gain some information 
about nuclear RNA, it will be isolated from selected transformants and 
the size of the nuclear transcripts determined by Northern blot 
analysis. Initial blotting will be done with probes which contain the 
entire Ig gene. Region specific probes will be used to both elucidate 
the pattern of processing and to identify abnormal transcripts. A 
necessary control for these experiments will be a careful analysis of the 
nuclear RNA of the recipient cell lines to eliminate the possibility that 
they contain aberrant transcripts of Ig genes. 

5. Expression and Function of Novel Immunoglobulin Molecules 

Once we have a clear idea of the sequences necessary for efficient Ig 
production we will begin to construct novel Ig molecules and will study 
their expression and function. Combinations which we will produce 
include: 

a. [S107 kappa] + [S107' alpha] 

b. [Vh S107'-^ Yl human] + [S107 kappa] 
c- [Vl S107 < human] + CSM7 alpha] 

d- [Vh S107 Yl human] + [Vl S107 + < human] 

In these constructions both the H and L chain will be covalently linked 
into the expression vector to increase the probability of their 
cotransformation and expression. 

Combination a will demonstrate that it is feasible to establish an 
antigen binding cell line by gene transfection. Combinations b and c 
will demonstrate whether it is possible to get expression of hybrid 
molecules, and if it is possible to assemble molecules, one constant 
region of which is of murine origin, the other of which is human. 
Combination d will demonstrate if it is possible to express a molecule 
with the specificity of murine origin, but the constant region and 
effector functions of human origin. 
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nucleotides* The end points of the deletion will be sequenced and 
compared to the published sequence of the IVS (14) to accurately position 
them. 

Once the IVS necessary for high level Ig. production has been 
accurately identified we will do further analysis of the effects of this 
sequence and the structural requirements for its function. We will 
determine if there is a position effect on Ig production, that is, must 
the sequence always be at the same position and in the same orientation 
in the Ig gene to exert its enhancing effect. The SV40 enhancers provide 
an example of an enhancer that functions in various positions and 
orientations. The Ig sequences which failitate Ig production will be 
placed both 5* and 3' of their normal positions in the Ig gene and 
elsewhere in the expression vector in either orientation and the level of 
Ig expression assayed. Linkers will be put on the active fragment. By 
using linkers, we will invert the sequence in its normal site, and also 
duplicate it in both its normal and inverted orientation. Random small 
insertions (21) will also be put into the active sequence to define its 
structural requirements for function. We will make constructions with 
IVS consisting only of the required sequence and enough information to 
preserve the 5* and 3' splice junctions. In addition we will determine 
if the Ig sequences increase the expression of genes being synthesized 
:J off non-Ig promoters. Vectors exist with the bacterial X6PT gene being 

expressed using either the SV40 or the Herpes thymidine kinase (TK) 
\jz promoter. The Ig sequences will be placed at various positions relative 
Y1 to the SV40 and TK promoters and the synthesis of XGPT assayed both in 
5' transient expression experiments and in stable transformants. 

4[: We will also test for the influence on expression of sequences 3' to 

the coding region. We have available a kappa cDNA clone with Rl ends. 
- We will convert these Rl ends to BAM ends by blunt ending with SI or T4 
J; polymerase and adding BAM linkers. We will then exchange the 3' Hpa 1-Bam 

fragment from the cDNA for the same fragment from the pSV2-S107-21 
:2 vector. The resulting vector will lack sequences 3' to the mRNA. If 
this light chain is efficiently expressed we will do Bal 31 digestion 
^ before putting on the Bam linkers. Exchange of the Hpa-Bam fragments 
i^y after' Bal 31 digestion will delineate how much of the 3' sequence is 
required and if it is necessary to have a poly A addition site. We can 
add back a poly A site from SV40 to provide a new poly A site at a 
different position. 

The sequences 5' to the gene necessary for expression will also be 
determined. Preliminary construction will be done by cutting with Rl + 
Pvu II and Rl + partial Xba, putting on Rl linkers, reclosing and 
assaying. Bal 31 digestion can be done before putting on the linkers to 
more accurately define the required sequences. The present experiments 
will be designed merely to identify the extent of the necessary 
sequences. Fine structure mapping of the promoter sequences by such 
methods as in vitro mutagenesis and "linker scanning" (21) are beyond the 
scope of the present proposal. 
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If we achieve efficient expression using the entire gene we will make 
and analyze a series using only gene fragments. Among the combinations 
which we plan are: 



b- [Vl S107 + mouse] * [Vh S107 + mouse] 



c. [Vl S107 ^ human] ^ [Vh S107 ^ human] 

All transformants will be assayed, using the methods detailed above 
for the synthesis, assembly and secretion of Ig molecules* Transcripts 
will be analyzed both for their fidelity and quantity. 

One of the reasons for using the S107 Vh and Vl is that they come 
from a molecule of known antigen specificity, an anti-phosphorylcholine 
antibody. Recombinant molecules will therefore be assayed for their 
ability to bind phosphorycholine (PC). This can efficiently be done by 
labeling the proteins by growing the cells in l^C-VTL and then testing 
for binding to PC-Sepharose. The proteins binding will be analyzed on 
SDS gels following elution. Human yi fixes complement. If recombinant 
molecules bind antigen, their ability to fix complement will be tested. 
Resistance to serum protein proteases will be tested by incubating 
biosynthetically labeled proteins in serum at 37*C for varying lengths of 
time, and then analyzing the 'amount of Ig which can be immuno- 
precipitated. Immunoprecipitated material will be run on SDS gels to 
determine its size. Serum half-life will be tested by injecting 
biosynthetically labeled proteins into mice and following their serum 
decay. It would be desirable to assess these parameters in humans, but 
such experiments are beyond the scope of this grant. 



a. [Vl 



S107 + human] + [Vh S107 + n human with 



CHi deletion] 
CH2 deletion] 
CH3 deletion] 



CH2 + CH3 deletion] 
CHi + CH2 deletion] 
CHi + CH3 deletion] 
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D<scember 19. 1983 

Mj5* linger Bryan Watteraj 
2$7 G Street 
Ridwood City» CA 94063 
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Gingers 



letter will confirm our verbal offer and your acceptance of 
the tr* Rcfiflarch Asdociate poaitioHr reporting to Dr. Vernon 01 » 
Sdnlcr Keae^rch 6cient|at« at the Bee ton Dickinson Monoclonal 
Center in Mountain View JfCelif ornia. 



to 



bi^glnning salary will be $15,000 per annum» on a penaanent, 
time basia* You^ will receivo ^ full benefits package, 
hours are from 8|45 am to It IS pn. 



part 
Wdrklng 

Yob are scheduled to hav| a pre-placemant physical examination on 
TrLda/i January 6, 1984 jat 9^30 am at the Sunnyvale Medical 
Cllnit located on North pastor i« in SuniYyvale. Enclosed Is a map 



help you locate the c3| 



inic. 



colna to Beet on Dick|n$on and if you have any queations, or 
acme additional inlbrmation, please contact my office at 
668-7744. 




Patrieia A, Baker 
Karager« Human Resources 

attactimgnt 
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f'lATERlAL SENT FKC; L. A. HERZENBERG LABORATORY 




Material Sent Mo. 
Date Sent: /// ^^\ ' i 
Sent By: /^v/y < / 



OTE: to RECEIVER; Please complete the Infomation below and return to: 



Ms. Sandy Scaling 
c/o Dr. L. A. Kerzenberg 
Department of Genetics, S-337 
Stanford University School of Medicine 
Stanford, CA» 9430S USA 
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Rdcelved: 



"tfon of Material W 
CdiT-nents: 



Material Sent No. 



mi\ Received; 



M^TEfllAL SENT 



QUANTITY 




Other 



FORM 



Culture 

Tumor 

Frozen 

Serum 

Live 
Animal 

other 



